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(54) OPTICAL-SEMICONDUCTOR-CHIP CARRIER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain an optical-semiconductor- 
chip carrier which can be mounted simply and whose high- 



frequency characteristic is improved. 

SOLUTION: An optical-semiconductor-chip carrier 60 is constituted 
of a conductive base board 25 and of a dielectric board 41. A signal 
line 251, a grounding line 252, a terminating resistor 253, plated 
through holes 256 and the line are formed on the dielectric board 
41. An integrated light-source chip 15 which is composed of a 
semiconductor laser 151 and of an optical modulator 152 is soldered 
onto the base board so as to be adjacent to the board 41, and a 
chip capacitor 3 for bias is soldered onto the base board. The 
semiconductor laser and the chip capacitor as well as the optical 
modulator and the signal line and the like are connected 
respectively by bonding wires 751 to 753. An inductance and a 
parasitic capacitance which are caused by the chip carrier are 
reduced, and the number of connecting places of the bonding wires 
is reduced, and it is possible to obtain the optical-semiconductor- 
chip carrier which so suitable for a high frequency and which 
reduces a mounting man-hour. 
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CLAIMS 



[Claim(s)] 

[Claim l] An optical semiconductor chip carrier characterize by to constitute so that resistance 
for take touch-down Rhine which be characterize by provide the following , and which have the 
through hole section , an input signal of said RF transmission line , and RF adjustment may be 
form at least , may fix an optical semiconductor chip in a location contiguous to a dielectric 
substrate on said base substrate and may connect between said RF transmission lines and 
optical semiconductor chips by bonding wire A conductive base substrate which has high 
temperature conductivity It is a connectable conductive material electrically to the RF 
transmission line and this base substrate which consist of a dielectric substrate which fixed to a 
part on this base substrate, and serve as an input signal line on said dielectric substrate. 
[Claim 2] An electrical conducting material of said base substrate is an optical semiconductor 
chip carrier according to claim 1 which is Si or CuW. 

[Claim 3] Said RF transmission line and touch down Rhine are an optical semiconductor chip 
carrier according to claim 1 which it comes to form by microstrip line. 

[Claim 4] Said RF transmission line is an optical semiconductor chip carrier according to claim 3 
which carries out contiguity arrangement and becomes so that it may be inserted into the both 
sides in said touch-down Rhine. 

[Claim 5] Said RF transmission line is an optical semiconductor chip carrier according to claim 3 
which comes to carry out contiguity arrangement of said touch-down Rhine in a location of the 
opposite side an outgoing radiation light side of an optical semiconductor chip carried in said 
base substrate. 

[Claim 6] Resistance for taking said RF adjustment is an optical semiconductor chip carrier 
according to claim 1 which is the terminator prepared between said RF transmission lines and 
touch-down Rhine. 

[Claim 7] Said optical semiconductor chip is an optical semiconductor chip carrier according to 
claim 1 which is the integration light source by which a semiconductor laser diode and an optical 
modulator were integrated. 

[Claim 8] Said base substrate is an optical semiconductor chip carrier according to claim 1 in 
which it comes to form thickness of a portion which fixes a dielectric substrate more thinly than 
thickness of a portion in which an optical semiconductor chip is carried so that height of the 
surface of said dielectric substrate and the surface of said optical semiconductor chip may serve 
as abbreviation identitas. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to a suitable optical 
semiconductor chip carrier to use it by the optical module which builds optical semiconductor 
chips, such as optical semiconductor laser and an optical modulator, and components, such as a 
chip capacitor, into a package together, and constitutes them. 
[0002] 

[Description of the Prior Art] Generally, the optical module is formed by incorporating the optical 
semiconductor chip carrier which soldered and carried an optical semiconductor chip, chip 
capacitors, etc., such as a semiconductor laser diode (a semiconductor laser diode is called 
hereafter) and an optical modulator, in the package equipped with the power supply terminal, 
the input signal terminal, the earth terminal, the fiber connector terminal for optical outputs, etc. 
Unlike silicon semiconductor chips, such as semiconductor memory and a microprocessor, optical 
semiconductor chips, such as a semiconductor laser diode, need to measure the property of not 
only inspection of an electrical signal property but an optical output, and need to perform 
excellent article sorting. 

[0003] However, in order to measure the property of an optical output, it is necessary to adjust 
optical-axis doubling of outgoing radiation light etc. to an external measurement system. For 
this reason, in the measurement which applies a probe on an optical semiconductor chip, exact 
measurement of a luminescence pattern and an optical output property including a RF property 
cannot be performed. Then, chip sorting of the optical semiconductor chip built into an optical 
module is usually performed as follows. 

[0004] For example, in the case of a semiconductor laser diode chip, where two or more 
semiconductor laser diode chips are cut down from a wafer to a horizontal single tier, pulse drive 
sorting by probe measurement inspection is performed first. In this case, measurement of the 
parameter which does not need adjustment of an external measurement system and strict 
optical-axis doubling etc., i.e., a current-optical output property, and oscillation wavelength etc. 
performs the rough quality judging of a chip. It is because thermolysis poses a problem and it 
cannot be measured by direct-current drive that a pulse drive sorts out here. Next, the optical 
semiconductor chip carrier which soldered an excellent article chip, a capacitor, etc. which were 
sorted out by pulse drive sorting is mounted in the stem for evaluation, and CW (Continuous 
Wave) drive sorting is performed. In addition, about mounting to the stem for evaluation, it 
mentions later. In this CW drive sorting, an external measurement system is connected to the 
stem for evaluation, a current-optical output property, oscillation wavelength, a luminescence 
pattern, a RF property, etc. are measured, and a quality judging is carried out. Finally only the 
optical semiconductor chip carrier which carried the excellent article chip with which are 
satisfied of necessary property specification is included in a package, and the optical 
semiconductor chip carrier which carried the semiconductor laser diode chip etc. serves as an 
optical module, after being removed from the stem for evaluation. 



[0005] Here, mounting to the stem for evaluation of the optical semiconductor chip carrier which 
carried the integration light source chip 11 which integrated the semiconductor laser diode and 
the optical modulator is explained using drawing 1 . Drawing 1 is drawing showing the outline of 
the conventional optical semiconductor chip carrier which carried the integration light source 
chip, the chip capacitor, etc., and the plan of the optical semiconductor chip carrier which 
attached this drawing (a) in the stem for evaluation, and (b) are the cross sections of a portion 
which met the A- A 1 line shown all over the plan. 

[0006] In drawing 1 (a) and (b), the reference mark 10 showed the stem for RF characterization 
which consists of the metallic conductor used also as touch-down Rhine, and the dielectric 
substrate 4 in which microstrip line 2a used as the RF transmission line, 2b, and 2c were formed 
on this stem 10 for evaluation has fixed it by soldering etc. Furthermore, the terminator 5 for RF 
adjustment is soldered between strip -line 2b on the dielectric substrate 4, and 2c. Moreover, the 
through hole 26 which reaches the stem 10 for evaluation and which carried out plating 
processing is formed in microstrip line 2c, and it connects with the stem 10 for evaluation 
electrically. Furthermore, the integration light source chip 11 and a chip capacitor 3 are soldered 
to the optical semiconductor chip carrier 21 which consists of dielectric materials, such as a 
ceramic which formed the bonding pad section 22, and bonding wires 711 and 712 connect with it 
electrically, respectively between the integration light source chip 11 and the surface lateral 
electrode of a chip capacitor 3, and between the integration light source chip 11 and the bonding 
pad section 22. This optical semiconductor chip carrier 21 is soldered to the stem 10 for 
evaluation which has the dielectric substrate 4 which fixed. Furthermore, the rear-face lateral 
electrode of a chip capacitor 3 is electrically connected to the stem 10 for evaluation of 
touch-down potential by two or more bonding wires 715, and the bonding pad section 22, and 
microstrip line 2a and 2b are electrically connected by the bonding wire 713,714, respectively. 
[0007] Thus, mounting to the stem 10 for evaluation of the optical semiconductor chip carrier 21 
is performed, and it is applied to CW drive sorting mentioned above. After measurement of CW 
drive sorting, after separating the bonding wire 713,714,715 connected to the optical 
semiconductor chip carrier 21 and stem side for evaluation, the optical semiconductor chip 
carrier 21 which was being fixed to the stem 10 for evaluation with soldering is removed. 
Similarly, the optical semiconductor chip carrier which carried another integration light source 
chip is applied to anchoring and CW drive sorting at the stem for evaluation. This is repeated 
and it sorts out by performing the quality judging of an integration light source chip. 
[0008] In addition, although there are Institute of Electronics, Information and Communication 
Engineers paper magazine C I, Vol.J77-CI, No.5, pp.268-275 (May, 1994), etc. about this related 
technology, for example, it is not indicated about the details of the optical semiconductor chip 
carrier which constitutes an optical module. 
[0009] 

[Problem(s) to be Solved by the Invention] By the way, a miniaturization and improvement in the 
speed are demanded of the optical semiconductor chip carrier which carries an optical 



semiconductor chip about mounting of an optical semiconductor chip in recent years. However, 
as mentioned above, the optical semiconductor chip 11 and the chip capacitor 3 were 
conventionally soldered to the optical semiconductor chip carrier 21 made from a dielectric, 
respectively, and it carried in the stem 10 for evaluation of the RF property that the dielectric 
substrate 4 which has a microstrip line fixed this optical semiconductor chip carrier 21. 
Furthermore, the terminator 5 for RF adjustment was soldered on the dielectric substrate 4 of 
the stem for evaluation as external [ of an optical semiconductor chip carrier ]. Moreover, it had 
connected by bonding wires 711, 712, 713, 714, and 715 between each component. For this reason, 
the INDAKU dance component of a bonding wire had affected the property. 

[0010] The results of having performed the numerical calculation of a RF property using the 
equal circuit of drawing 2 about the mounting condition of stem 10 HE for evaluation shown in 
drawing 1 are drawing 3 (b) and (c). Here, each parameter of the equal circuit shown in drawing 
2 is as follows. Z0 with the impedance of the microstrip line of the stem 4 for evaluation 50 ohms, 
LI 0.3nH(s) and L2 with the inductance of a bonding wire 714 with the inductance of a bonding 
wire 713 0.3nH(s), Lp O.lnH(s) and L4 with the inductance of a bonding wire 715 with the 
inductance of the bonding pad section 22 O.lnH(s), L3 " the inductance of a bonding wire 712 - 
0.9 " nH(s) and Cc 0.3pF by the capacity of the bonding pad section 22 Cg is the capacity of the 
optical semiconductor chip carrier 21, and 0.3pF and Rin are [ 0.4pF and Rt of 5 ohms and Cm ] 
50ohms in resistance of a terminator 5 by the capacity of the optical modulator section of the 
semiconductor laser diode chip 11 at the internal resistance of the optical modulator section of 
the semiconductor laser diode chip 11. In addition, since the semiconductor laser diode section is 
a direct-current drive and it can be disregarded in the analysis of a RF property, it expresses only 
the modulator section with drawing 2 to the equal circuit. Therefore, the inductance component 
of a bonding wire 711 is omitted. 

[0011] As a result of calculating using these numeric values, as shown in drawing 3 (a), as 
peaking arises in about 7GHz and it was further shown in drawing 3 (b), with the frequency 
response characteristic, it turned out that a RF reflection property deteriorates. 
[0012] Moreover, in the mounting activity to the stem 10 for evaluation, there was an activity of 
soldering to the stem 10 for evaluation of the optical semiconductor chip carrier 21, wirebonding, 
etc., and there were soldering to the optical semiconductor chip carrier 21 of the optical 
semiconductor chip 11 and a chip capacitor 3, soldering to the dielectric substrate 4 of the 
external terminator 5, and a difficulty that the mounting production process to the stem for 
evaluation takes time amount, further. After cutting and removing a bonding wire from the stem 
10 for evaluation, also in the mounting production process mounted to an optical module, the 
same activity is required again and there was a difficulty of requiring time amount. If there are 
many connection and the cutting places of a bonding wire, a blemish will be attached during an 
activity, or mechanical stress will increase, and it will also become one cause which causes a 
yield fall. 

[0013] Then, the purpose of this invention is to offer the optical semiconductor chip carrier which 



has improved the RF property. Moreover, also let it be the purpose to offer the optical 
semiconductor chip carrier which reduces the number of components soldered and can shorten 
mounting time amount. 
[0014] 

[Means for Solving the Problem] Resonance of deterioration of the RF property of the 
conventional optical semiconductor chip carrier 21 shown by drawing 1 with an inductance of a 
bonding wire and azygos capacity of the optical semiconductor chip 11 is the cause. It is effective 
to shorten bonding wire length and to decrease an inductance as this cure. 

[0015] Therefore, in order to solve a technical problem mentioned above, an optical 
semiconductor chip carrier concerning this invention formed the RF transmission line to near 
the optical semiconductor chip, and as shown in drawing 6 , it constituted it so that bonding wire 
length could be shortened. Namely, an optical semiconductor chip carrier concerning this 
invention It consists of a conductive base substrate which has high temperature conductivity, 
and a dielectric substrate which fixed to a part on this base substrate. On this dielectric 
substrate, resistance for taking the RF transmission line used as an input signal line, 
touch-down Rhine which has the through hole section which contains a connectable conductive 
material in a base substrate electrically, an input signal of the RF transmission line, and RF 
adjustment is formed at least. It is characterized by constituting so that an optical 
semiconductor chip may be fixed in a location contiguous to a dielectric substrate on a base 
substrate and between the RF transmission line and an optical semiconductor chip can be 
connected by bonding wire by the minimum distance. 
[0016] 

[Embodiment of the Invention] The gestalt of suitable operation of the optical semiconductor 
chip carrier concerning this invention The conductive base substrate which consists of Si which 
has high temperature conductivity, CuW, etc., An optical semiconductor chip carrier consists of 
dielectric substrates which fixed with soldering etc. to. the part on this base substrate. The 
through hole section which contains a connectable conductive material in the RF transmission 
line and the base substrate which were formed by the microstrip line used as an input signal line 
on this dielectric substrate electrically, For example, the 50-ohm terminator for taking, 
touch-down Rhine, the input signal of the RF transmission line, and RF adjustment, i.e., 
impedance matching, which has the through hole section by which plating processing was 
carried out, is formed at least. It is the optical semiconductor chip carrier of a configuration of 
fixing an optical semiconductor chip in the location contiguous to the dielectric substrate on a 
base substrate, and having enabled it to connect between the RF transmission line and an 
optical semiconductor chip by the minimum distance by the bonding wire. 

[0017] Thus, it constituted from a dielectric substrate which prepared the base [ chip carrier / 
optical / semiconductor ] substrate using a conductive material, and the resistance for the RF 
transmission line and impedance matching, and the RF transmission line is adjoined on a base 
substrate, and it enabled it to fix an optical semiconductor chip. Thereby, bonding wire length 



with the RF transmission line can be shortened. Since reduction of parasitic capacitance and 
reduction of a wirebonding part can be aimed at to it and coincidence, RF-izing and reduction of 
a mounting man day can be attained. 
[0018] 

[Example] Next, it explains to details below about the still more concrete example of the optical 
semiconductor chip carrier concerning this invention, referring to an accompanying drawing. 
[0019] <Example 1> drawing 6 is drawing showing one example of the optical semiconductor 
chip carrier by this invention, and the plan in the condition that this drawing (a) mounted the 
optical semiconductor chip, the chip capacitor, etc. in the optical semiconductor chip carrier, and 
(b) are the side elevation. The optical semiconductor chip carrier 60 of this example consists of a 
base substrate 25 and a dielectric substrate 41. In addition, the stem for evaluation is not shown 
in drawing 6 . 

[0020] In this example, it mounts on the base substrate 25 of the location which carries out the 
nearest neighbors of the integration light source chip 15 which integrated the optical modulator 
152 and the semiconductor laser diode 151 to the dielectric substrate 41 as an optical 
semiconductor chip. The chip capacitor 3 the integration light source chip 15 and for bias 
terminals is soldered on the base substrate 25. In addition, the integration light source chip 15 
used by this example is the light source applicable to the long distance, mass lightwave 
transmission system, etc. of which the high-speed modulation of the several G bits-per-second - 
number 10G bits per seconds is required. This integration light source chip 15 impresses 
direct-current bias to a semiconductor laser diode 151, makes light always emit, impresses a RF 
signal to an optical modulator 151, and uses for ejection and optical fiber transmission the 
outgoing radiation light of the semiconductor laser diode which carried out the high-speed 
modulation. In this case, the chip capacitor 3 is formed in order to make a high frequency 
component bypass and to stabilize direct* current bias. Compared with the case of a configuration 
of that turn a semiconductor laser diode on and off according to direct-drive current, and it 
carries out optical fiber transmission, the breadth of the spectrum of outgoing radiation light was 
stopped and such an integration light source chip 15 is fit for long-distance transmission. 
[0021] The optical semiconductor chip carrier 60 of this example uses for the base substrate 25 
the substrate, for example, Si substrate, a CuW substrate, etc., of the conductivity which has 
high temperature conductivity etc. Therefore, the potential of the base substrate 25 turns into 
touch-down potential, when it is soldered to the stem for evaluation and measures. On the 
dielectric substrate 41 which fixed to this base substrate 25, the signal line 251 and touch-down 
Rhine 252 used as a RF track are formed on the same plane in a microstrip line, and it is formed 
so that a signal line 251 and touch down Rhine 252 may serve as unsymmetrical coplanar 
electrode structure arranged asymmetrically. Furthermore, on the dielectric substrate 41, the 
50-ohm terminator 253 by the thin film resistor or the chip resistor is also formed. The through 
hole 256 where plating processing of the interior which reaches the base substrate 25 was 
carried out is established in touch-down Rhine 252, and, thereby, touch down Rhine 252 is 



electrically connected to the base substrate 25. 

[0022] And each is electrically connected by the bonding wire 751,752,753 between a signal line 
251 and the modulator 152 of an integration light source chip between a terminator 253 and the 
modulator 152 of an integration light source chip, and between the semiconductor laser diode 

151 of an integration light source chip, and a chip capacitor 3. 

[0023] Thus, like the conventional example, instead of using the bonding pad section 22, the RF 
transmission line (namely, signal line 251) is formed, and bonding wire length is shortened in the 
optical semiconductor chip carrier 60 of this example constituted to near the integration light 
source chip 15 on the optical semiconductor chip carrier 60. Moreover, it will be made to decrease 
by the time the inductance and parasitic capacitance resulting from the optical semiconductor 
chip carrier 60 can be disregarded using conductive materials, such as Si and CuW, to the base 
substrate 25. The resonance of deterioration of the RF property of the chip carrier 21 of the 
conventional example with the inductance of a bonding wire and the parasitic capacitance of an 
optical semiconductor chip is the cause. Therefore, the optical semiconductor chip carrier 60 of 
this example shortens bonding wire length as this cure, and is decreasing the inductance. 
[0024] If the equal circuit of the optical semiconductor chip carrier 60 of this example is shown, it 
will become like drawing 7 . However, the direct* current bias system is removed in the equal 
circuit shown in drawing 7 . For the inductance of a bonding wire 751, and L2', in drawing 7 , the 
inductance of a bonding wire 752 and Rin' are [ Z0' / the impedance of a signal line 251, and Ll f / 
the resistance of a terminator 253 and Cm' of the internal resistance of the modulator section 

152 of the integration light source chip 15 and Rt* ] the capacity of the modulator section 152 of 
the integration light source chip 15. The results of having asked for the frequency response 
characteristic and the RF reflection property by numerical calculation using this equal circuit 
are (a) of drawing 8 , and (b). Here, each value of the above-mentioned parameter used for count 
is Z0'=50ohm, Ll'=0.6nH, L2'=0.7nH, Rin'=10ohm, and Cm f =0.4pF 

[0025] As compared with drawing 2. which showed the count result at the time of using the 
optical semiconductor chip carrier 21 of the conventional example, about 15dB improves with a 
frequency response characteristic by the optical semiconductor chip carrier 60 of this example at 
about 4GHz and a RF reflection property. Moreover, in the conventional example, by having 
made the terminator prepared in the stem side for evaluation build in the optical semiconductor 
chip carrier 60 in this example, and having used the conductive material for the base substrate 
25, the soldering abbreviation to the stem for evaluation of an optical semiconductor chip carrier 
and the count of wirebonding can be decreased, and compaction of the mounting time amount to 
the stem for evaluation can be aimed at. Similarly, the mounting time amount in the case of 
removing the optical semiconductor chip carrier 60 from the stem for evaluation, and including 
in an optical module is also shortened as the count of wirebonding became fewer. 

[0026] The optical semiconductor chip carrier 60 of this example is suitable, when a signal line 
251 and touch-down Rhine 252 have unsymmetrical coplanar electrode structure and it uses the 



big integration light source chip of an outgoing radiation angle. Even if it arranges and carries 
out bonding of the signal line on the stem for evaluation, and the signal line 251 of an optical 
semiconductor chip carrier to the minimum distance, it is because outgoing radiation light is not 
interrupted. For example, in order to shorten bonding wye length as an electrode pattern formed 
in the dielectric substrate 42 which fixed on the base substrate 25 if it is made the symmetry 
coplanar electrode structure which forms touch-down Rhine 252a and 252b so that a signal line 
252 may be inserted into juxtaposition as shown in drawing 5 , the mounting position of the 
integration light source chip 14 is soldered to the nearest-neighbors, location of ** on the base 
substrate 25 of the optical semiconductor chip carrier 61. ** with an outgoing radiation pattern 
with the integration light source chip 14 big [ an optical outgoing radiation angle ] - a case - the 
outgoing radiation light 6 - a part will be interrupted by the chip carrier 61. In addition, 
drawing 5 is the plan of the optical semiconductor chip carrier concerning this invention, and has 
attached the same reference mark about the same component as drawing 6 . Therefore, the 
optical semiconductor chip carrier 61 shown in drawing 5 is suitable when it carries the 
integration light source chip which has an outgoing radiation pattern with an optical small 
outgoing radiation angle. 

[0027] <Example 2> drawing 4 is drawing showing one another example of the optical 
semiconductor chip carrier by this invention, and the plan in the condition of this drawing (a) 
having mounted the optical semiconductor chip, the chip capacitor, etc. in the optical 
semiconductor chip carrier, and having carried in the stem for evaluation, and (b) are the cross 
sections in the B"B' line. 

[0028] The optical semiconductor chip carrier 70 of this example consists of dielectric substrates 
42 which consist of the conductive base substrate 23, a conductive ceramic, etc. The signal line 
231 which consists of a microstrip line, and the symmetry coplanar electrode structure where 
touch-down Rhine 232,234 was established in both sides in parallel so that this might be 
inserted are formed in the dielectric substrate 42. Furthermore, between a bonding pad 235 and 
touch-down Rhine 234, the terminator 233 by the thin film resistor is formed. The through hole 
236 where plating processing of the interior which reaches the base substrate 23 was carried out 
is formed in touch-down Rhine 232,234, and it connects with the base substrate 23 electrically. 
The signal line 231 is electrically connected by the bonding wire 261 by the signal line 401 and 
the minimum distance which were formed on the dielectric substrate 4 which fixed to the stem 
10 for evaluation. On the base substrate 23, a chip capacitor 3 and the optical modulator chip 13 
which formed the Mach TSUENDA mold optical modulator as optical semiconductor chips are 
soldered to the dielectric substrate 42, and the bonding wire 262,263,264 connects electrically, 
respectively between a signal line 231, between the optical modulator chips 13 and the bonding 
polar zone 235, and the optical modulator chip 13, and between the optical modulator chip 13 
and the chip capacitor 3. Moreover, thickness of the portion which solders the dielectric substrate 
42 of the base substrate 23 is made somewhat thin so that the height of the surface of the 
dielectric substrate 42 on the base substrate 23, the surface of the optical modulator chip 13, and 



the surface of a chip capacitor 3 may be mostly in agreement. Thereby, while becoming easy to 
carry out bonding, bonding wire length can also shorten only the part and an inductance 
decreases. 

[0029] When the optical semiconductor chip carrier 70 of this example also made the terminator 
build in and used the conductive material for the base substrate 23, the soldering abbreviation to 
the stem for evaluation of an optical semiconductor chip carrier and the count of wirebonding can 
be decreased, and compaction of mounting time amount can be aimed at. [ as well as said 
example ] Furthermore, since it was made to decrease by the time the inductance and parasitic 
capacitance resulting from an optical semiconductor chip carrier could be disregarded, 
improvement in a RF property was able to be aimed at like said example. Moreover, the noise 
given to a signal line 231 is reduced by having considered as symmetry coplanar electrode 
structure. 

[0030] <Example 3> drawing 9 is drawing showing another example of the optical semiconductor 
chip carrier concerning this invention again, and the plan in the condition that this drawing (a) 
mounted the optical semiconductor chip, the chip capacitor, etc. in the optical semiconductor chip 
carrier, and (b) are the side elevation. 

[0031] The optical semiconductor chip carrier 62 of this example consists of conductive base 
substrates 27 and dielectric substrates 43. A signal line 271 and touch-down Rhine 272, and a 
terminator 273 are integrated by the dielectric substrate 43. Therefore, the optical modulator 
152 of the integration light source chip 15 shown in drawing 6 and the inter-electrode bonding 
wire 752 of a terminator 273 are omissible. That is, in this example, in the representative circuit 
schematic shown in drawing 7 , inductance L2 f resulting from a bonding wire 752 can be 
disregarded, and RF-izing and reduction of the count of wirebonding can be attained. 
[0032] In addition, since two or more through holes 256 by which plating processing was carried 
out are established in touch-down Rhine 272, when this carries the optical semiconductor chip 
carrier 62 in the . stem for evaluation, touch down Rhine 272 is connected to the stem for 
evaluation, and an electric target. Moreover, bonding wires 753 and 751 connect like drawing 6 , 
respectively between a semiconductor laser diode 151 and a chip capacitor 3 and between the 
signal line 251 and the optical modulator 152. 

[0033] As mentioned above, although the suitable example of this invention was explained, of 
course, various design changes can be made within limits which do not deviate from the pneuma 
of this invention. For example, although the optical semiconductor chip and the chip capacitor 
were carried on the optical semiconductor chip carrier in the example, it cannot be 
overemphasized that it is applicable also in the case of the use which carries only a 
semiconductor laser diode chip. 
[0034] 

[Effect of the Invention] According to this invention, by constituting from a base substrate using 
the conductive material which has high temperature conductivity [ chip carrier / optical / 
semiconductor ], such as Si and CuW, and a dielectric substrate which prepared a signal line, 



touch-down Rhine, and a terminator, reduction of the inductance and parasitic capacitance 
resulting from an optical semiconductor chip carrier and reduction of a bonding wire connection 
place can be aimed at, and reduction of the mounting man day to RF-izing and the stem for 
evaluation and the mounting man day to an optical module can be attained. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is drawing showing the condition of having carried the conventional optical 
semiconductor chip carrier in the stem for evaluation, and is the cross section which met the A- A 1 
line which showed (a) in the plan and showed (b) all over the plan. 

[Drawing 2] It is the representative circuit schematic of the optical semiconductor chip carrier 
shown in drawing 1 . 

[Drawing 3] It is drawing showing the result of having calculated the RF property of the 
conventional optical semiconductor chip carrier by the equal circuit shown in drawing 2 , and (a) 
is the frequency characteristic and (b) is a reflection property. 

[Drawing 4] It is drawing showing one example which carried the optical semiconductor chip 
carrier concerning this invention in the stem for evaluation, and (a) is a plan and (b) is a side 
elevation. 

[Drawing 5] It is drawing showing another example of the optical semiconductor chip carrier 
concerning this invention, and is the plan having shown typically the condition at the time of 
mounting a light emitting device with a big outgoing radiation angle. 

[Drawing 6] It is drawing which mounted the integration light source which shows another 
example of the optical semiconductor chip carrier concerning this invention again, and a chip 
capacitor, and (a) is a plan and (b) is. a side elevation. 

[Drawing 7] It is the representative circuit schematic of the optical semiconductor chip carrier 
shown in drawing 6 . 

[Drawing 8] It is drawing showing the result of having calculated the RF property of the optical 
semiconductor chip carrier of this invention by the equal circuit shown in drawing 7 , and (a) is 
the frequency characteristic and (b) is a reflection property. 

[Drawing 9] It is drawing which mounted the integration light source which shows still more 
nearly another example of the optical semiconductor chip carrier concerning this invention, and 
a chip capacitor, and (a) is a plan and (b) is a side elevation. 
[Description of Notations] 

2a, 2b, 2c - A microstrip line, 3 - Chip capacitor, 4, 41, 42 [ - Integration light source chip, ] A 
dielectric substrate, 6 - Outgoing radiation light, 10 The stem for evaluation, 11, 14, 15 13 -- 
An optical modulator chip, 21 An optical semiconductor chip carrier, 22,235 " Bonding pad 
section, 23, 25, 27 - Abase substrate, 26,236,256 Through hole, 60, 61, 62, 70 An optical 



semiconductor chip carrier, 151 - Semiconductor laser diode, 152 [ - A terminator, 261-264 / A 
bonding wire, 711-715/ - Bonding wire.] - 231 An optical modulator, 251,252,271,401 - A signal 
line, 232,234,252a, 252b, 272 - 233,253 Touch down Rhine, 273 
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(57) [Stt] 

[005] *g®ffiA&ffffltt4ra£&8Lfc3tt¥«tt 

[&i*¥©3 **t»^V^*t U 7 6'0 tilttO' 

£4 1±Cl£« WW2B1, ft«5<>2 5 2. 
*SSiSJg£t2 5 3, ^y*j5lI^n^;l'-*^2 5 6 
»##«3n*.-J&**U— tf'l 5 1 £j£XM8l 5 2 

>^-T >^«7-f-\f7 5 1-7 5 3lC£DttlR'£h-5. 
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<=>&9, 

? ffl £ # >5V > y "7 -f -V tz «k 0 »|ttr * * <fc 5 K«tfi£ 

' [gf*«2] lttlB^-X*«OJ»*«»tt, S i'ifctt 
C uWT*5i*| 1 E«*©3t¥£#:3 1 y:/*-\' U 7. 

.T-f * DX h U y 5-f >T'Ml&hTtJ:ZmXm 1 IB® 

s65-r >Tt*sns «t v \zm&W£m l-t^ sukji 3 e 

: [»*)S6] ttE*H«»^Si:-&fc«>©«Sitt. ME 
[**«7] WEft***^:/^. Wttl'— tf^-f 

i HtrE#¥«#^ y y ©15® ©ii5 $ #16 H- 1 * 5 <fc o 

\z. mm,frmw.*mm?z>&ttv>mi£tt. 'x&mti&yf-' 

[0 0 0 1] 

Tizmr 

[0 0 0 2]' 

[«£*©&*&] ft^i-JW*, ¥3H*u~tf 

<nft*m#7y7%.Zf^y7zi>T>Vtl.ZZ¥mmf 

E &ffiZtZ/1 y T- vrtfcS^jitr Z. t IZ £ 0 JgfifcS 



t'JK-f^o7"Dt^ft if© -> U 3 y ■? 

tS^D. mm©^tt©^3Efc*ttT^<. KBit><Z>¥f 

05 [0 0 0 3] LA>b&7&<b, 7ttB^©i|*i4SSI^-r-S)C 
^ffl£^ffi»7fc©ft«l^frit:SP©Iig£fT?£> 

TTCKtli *3tt^^->^». *«»*tt**«>fc 
3teta^1#tt©iEJfl^iBI^fT^^^. -^CIT, ffiST. ft 
10. *V*-MZl&fr&tM¥mft7y ?<D7.y ^S'J«* 
©<t-5('ff oT^-5o 

[0 0 0 4] mX-tt. ¥iffLDfyyo«^ t MS ffl 
©¥*£# L D 9- y V X Afr 6 *-59 W 0 tii V fctt 

mx% ^c-r^a-zfm^mz^^/vuxmmm&nn 
15 5. n-^m^t^muytm^acommm 

&m$i&<Dm7£m \z&x>9 y zf <d±$. frtzM^ifezn 

■5. Z\z.-C/V\s7.mWilzJ:Qm%l&n 3©«, ttrSt^S) 

HMffifflX^AK^gU CW (Continuous Wave) mWj 
SgiJSrfr-5. ^t*3, WffifflX^A'v©ilgt'S'^T«^ 

sifflxfA^en^nfet, ms©4#i4tt«*«s-r 
*• ■ 

[0 0 0 5] ' ^^LDi7t^PS^*a^L 

" •j7©ffffifflx^A'\©^tc'sitiT. 0 1 zm^xm 

35 ^. 0 i «. mmdtWf-y y Zfn>?>V 
&*mmVtz'<St&(DX¥m#9yZf*'r 'J y©8lBS£S 

^fv^v'jy©?!^. (b) «^F®S*tr^ 
LfeA-A' «lfCieofege»©»fE0T*i&-5. 
40 [0 0 0 6] 01 (a) , (b) iZ&^X, #««F^ 1 

o \zmi&?'f>ii vxb®.m?z>&mmm^&.2>&m 

SEIfttSffiflax^AS^L. C©i¥ffifflX5^A 1 0±(C 
«S5^i$ejH^Ki:^^^'f ? ax h >J y 2 a , 
2 b, 2 c£^s£LfeKS#Sffi4*t#ffltttt!!KJ:p 
45 @»^tlT^-5. HJC if«^«ffi4±©XhU-yy^- 
S2b, 2cF B T(c«. iS5^jSS-&ffi©^atn:'5^EB 
WW-StlTH*. UVuXYVyZtm&ZcXZ 

\tmumx9A i o -y^jasbfex^-*- 

;U2 6*i^fi£$n. OTXfA i o tm^ttfc&gis 
50 niU5. MIC, J^>X'f >if/ty KSB2 2 Sr^ttfcir 
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3##Battttsn, mmtytmT-vzfi \£.?-y-f^> 
5*>tf3©*nMHMi:©n. RifimmitftUTyzri 
i >?rtv hsp2 2 t»r a i«, *n?nx> 

74 >^f7-(^7 1 i&tf 7 1 2\z&K>m.m.mz&mz 

ntSi*lfi4*tt5l!ifflXfA 1 0 C¥ffltttt 

^*©#>x^ >if r 7-i\7 1 5K±0»ift«<fc©ffHE_ 
fflX^rA 1 o Km^ftfc&^sn, #>tV H 
»2 2tV-f ^D^h«Jy^ r «8K2 a, 2b£tt-tn* 
M^^mtTU, 7 1 4^iomg;wtcs 

[0 0 0 7] t©±5i:l/T3t*«#?yy*t U72 
1 ©fftWax-y-A 1 0 ^®*SJi«ff fctl. lllfcCW 

*fy^t'J72 1 tfWBXxAfiJlCgi^SnT^ 
l£&>v s <(>if l 7<1 A n 1 3, 7 14. 7 15£<jQgIL 
iWBX-xA 1 0 C^Ea#ltTH3£bTVifc^ 

^f'^*t'J7 2 rfc*vr. n«'ir"ixT.' B'j©gi« 

•5. I . 

[0 0 0 8] &*, COMjgaHSCHLT+a. ^JA«@ 
^fSM^IiXgC- I , Vol. J7 7-C- 

I, No. 5, pp. 268-275 (1 9 94^5 
ft) att^a— ;PS«riS-r«3tt*ilW*:^.y 

[0 0 0 9] 

y7i i : y 7n >f >f 3 

<fcTS7fc¥&#7 t y:7*-\''J7 2 ld^ffltfttU £© 

Xri l O CIilTUfc. SI'.- j6&ra&8£JB©«SS8 
&ia 5 £ . . 7* Y 'J 7 ©fl-tt (ttLT, 3 

lffifflX^A©«m#S«4±tc¥ffl(=tWL r TUfc. S' 
fc, *n-tfh'©«fiMtt. 7 1 1. 

7 12, 7 13, 7 14, 7 1 5fcJ;0&ttUT^fc. 
Z\<Dfctf>. #>^-f ^^M-frflD-f >^y>Xfi£## 

[0 0 10] 01 K^LfciWBX^A 1 CMD^tt 

tMF«fT9^tt*A<. S3 (b) £ (c) 

T, 02 (C*bfc#HBlH]K©SA^^-^tt. }fc©5§t> 



Z 0 liffffilXr A 4 i' OX h U 7 77 

■i >C0-f >e— y>XT5 0 Q, Ll«#>f-f>^7 
-ft7 13O'f>^i'>Xt0. 3nH. L2tt*> 
. 7^ >tf7^-^7 1 4©^ >^^^>XT0. 3nH. 
05 L p li/#>x-T >tf/ty FSB 2 2 ©< &>7.~Q 
0. InH. L4lijR>T^>^7-ft7 15<0'f>y 
i7^>X"Cr0. 1 nH, L 3«#>t^ >y7-ft7 1 
2©< >yi7^>XT0. 9nH, C c «#>-r-f >7 
Ay KSB 2 2 ©^ST 0 . 3 p F , C g teft^aSftt^ y 
10 7+t l J7 2.1O§lT'0, 3.pF.. R i ntt^ttL 
D^71,l©ftgli#3SB©rtg&}£mT5Q, Cm«# 
I#LDf771 1 ©T^DUggB©^*"? 0 . 4pF, 
R ttt»*tttt5©«fitT?5 0QT&S. *t*, 
LDgK«fi«^SiT*S*^ii!^^4#ti©««fT««« 
15 T*£-5fc#, 0 2-C«^SgB*:tt«r^ffilHlKfr*t5L 
T^-5o ftoT. #>7 : 4>tfV-1 : V7 1 l©-f >?>7 

[0 0 11] £tt£>©&ffi£fflt>T^IIL;t*§j|l, 0 3 
(a). tC^Ufci^JC, ««Jfcj6«r«rttT?tt7 GHzifi 

20 flrcif-*'>fa»£i;. SSK0 3 (b) fc^UfcJcS 

[0 0 12] IfffifflX^A 1 0^©HgflMgK*5 

fr»'T. «l*?7 7l lROf5 L -7 7n>5 ; >-9-3©^ 
¥ig#^-;/7*Y 'J 7 2 1 "v©#ffltf tt, 
25 SSt5©8§«#»«4^©¥fflttW\ 

?7 7^t'J7 2 lWfWffifflX-rA 1 0^©¥Htttt, 

Al OA^^^-O^^-f-V^^bT^Lfc^. 7t 

.^#ttfc5, «««IXhUX75iiiUnLT, ^a*0®T 

35 '.[0 0I3].,*«. *f6^oa»«, iS^&1ftt*3S: 
p L fcTt^^? >y 7+ r U 7 *ii«-r -5 H t 3& . 

40 [0 0 1 4 ] • ' • 

f#f77*tU7 2 1 ©iS^S[#tt©^ffc«, 

■> ^•mVgm' >yi7^>x<h7t¥^^yyi i© 

45 7 s >d^7-f ^S^M< LT-f >^^^>X*^'>$-B- 

[0015] ee^T, w^bfc^e^^-r-sfcje)^, 

*^K(C^-53t¥^ft?-y T^-V 'J 7«. «BJA«06 \Z 
Tn-T «fc P {C3"6^^ft^-y 7©ifi#£Tii5^i&eiiiigl8§£ 
50 ^b^>^>7"7-f-\r«$^ffi-r^>Cli:35iT^-Sct 
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<ht>«fi££;nT^T, ^-XS&-h©&m#S 

-r * »c * o Siirei* * «t 5 \zm& l fc c t t -r * 

[0 0 16] 

>XV-y^>^^t-5fc«605 0 0 

srr •5figH7t¥^5 i v mm vzittmsL&skmsi 

i**«#^»5 r IIB*#>5 f ^ >i^7-f -Vic J: Oibffli 
[0017] COiplC^iftfy^t'JTS. * 

> t-y >xv v ? >ifm <Dt&m& zmtftm 

CO 0 1 8] 

cooi9] <*Jg«»Ji>06«. *&m\z&zyt¥m 

(a) tt3fc*#»:f 7 -y ^3 >f>*^^¥i 
&3 L v7*>r')7\Z$imi'tzVim(D¥-Wm. (b) \tt 
©ffliJ®0-e&-5= ^IIJSCT©^^^:?^ 7* v U76 

out, ^-xsfi2 5ism*s«4 i .t-efitessnT 

[0 0 2 0] **JS«»IT*«, JtiMWfyyiLT. ft 



^Sl 5 2 tfiftLDl 5 1 £*8KfcL-*:#M»{fcft 
^■y^l 5 4 1 tlKgt^ti©^- 

AW TXSgTffl ©?>;/ 7a 3 tt, ^-X»ffi2 

u>©i§iji^iiSrS*^nsft^si • ->x t- 

io fgfts-e-T&t*. ^psi 5 i cftmMreeaunb 

-fA*eiiK:ffl^-5t>©T&-5. ccd 

>if3«, i^&J&#£AWAX£it-TttSitA'-f 7X4 

©x-^ bjioiztforfitoz-izn, &mm&m\z^x 

[0 0 2 1] *HiS0iJco^^^-y 7+t'J760 
20 tiu ^-X««2 5 fCiS^e^tt**-r-5««14cO» 

tt. «*.«:, s iss^cuwss^sffl^iv^. se 

«2 5 fc0«£*lfcg§m#2£«4 1 ±fctt, Afl&fcB 
25 tft4M5'f >2 5 1 tai*?^ >2 5 2ii»7-f 

□x hu^^MK-vn— wo-kcffasn. m^7^> 

2 5 1 i»tt9-f >2 5 2 A«#»liiK:IB«*nfc*»W 

30 i450 Q©&SSii£St2 5 3 t>RI?&nTV>S. 

-f >2 5 2 Kte^-X*«2 5 icCT^MffiSM «y^ja 

s^tifcx;p-*-;i^2 5 6^ite.tiT*o, cnic 

i0«i7^>2 5 2 X*S 2 5 

35 [o o 2 2] fLt, «^?-f>2 5 i tmmit^tm^ 

V ^C0^^g§ 1 5 2 tcDFal, ««9«t 2 5 3 

m^y^<ommmi 5 2icoFe^. scx*a{k7tai^-y7' 

CO^^ftLDl 5 1 t^>y^n>x>-y-3 tCOr H 1«. ■£ 
n-ttlS*^^ >i/<7-i^7 5 1, 7 5 2, 7 5 3 IC 

40 &on%mzmmvT^z>. 

[0023] z.<D&o\zmf&i<n2>*nffiM<Dye¥&# 

^A>y FSB 2 2S:ffl^-5«t)0(C, ^i*f77tt 

45 eiS^KS 0r&:b5«*»7-r >2 5 1) SMUT*> 
■x-f >^"7-f^S€M< *fc. ^-X*«2 

5tC«Si, CuW^co^@ttcO«^4fflW 
5 L 7^t'J76 OtCgS-r-5-f >^^>X^3feS 
5 % * ^ * T* ICM'> $ «T t» * . SE*0iJ CO? -y ^ 

50 *t'J72 1 CDK^&!Krttco^{k«. #>5*-f>if9-f 



- 4 - 



2002 12 10 14:27 



i 0-275957 



[0 0 2 4] #*SS0iJ©7t¥iSI#^y U760© 
«MB@B*«*tf. 0 7©«t-5fC^^. fit, H7tC^ 

Z 0 1 «{i*t7-f>2 5 1 tfK>br-y>x. 
LI' tttf^-f >ifV-1-V7 5 1 >y^^>X. 
L2' (4#>7 : ^ >^"7-f +7 5 2©-f>^^^>X. 

r i n ' izmmitytm^yzfi sognsagi 5201^ 
assst. Rf ujttt&ft 2 5 3 <Dm.mm. cm' 

Sfk^iH^^^l 5<Z>^P§§g&l 5 2<Z)g»T*;&-5. r 

0 @8© (a) s# 

(b) d^T. tHTKHMILfcie^*-* 

^n^na)ffl«. ZO' =50 Q.'L 1 ' =0. 6n 
H, L2' =0. 7nH, Rin' =1'0Q, Cm' = 
0. 4.pFT$5. 

[0 0 2 5] ftMMCDyt^m&^V ^t'J72l£ffl 

v^c«^otf^«*^Lfc0'2 ttt&LT. *mmm 

4 GHz, *JSSRIttttt'rl9l 5dBSfc»Stt*. S 

U76 0 fcrtfcS-a-, ^ 
-X1S2 5 c i \Z J: 0 . 

^A^©sigi$ra©s*6#Ein*. -mm\z. -7-f-v*> 

5^ >^S»*t«-3fc«tt, *¥»#5=-y ^-v "J 7 6 

[0 0 2 6] ;Httttt03M'*fl&y:7**U7 6 0 
tt. 7-f > 2 5 1 tS«!7'f > 2 5 2 

2 5 1 i£»«e»;:eitbT#>5 s * >^l/tfc, u 

fcJ: 3 2 5±fC@*UfcSI«#:*«4 21: 

^•T-5«S^^-><hbT. ffi^-f>2 5 2£MJiJ 
K8strJ:'5K:&i&7--f >2 5 2 a, 2 5 2 b*Mt5 

&&m<-§rz>rat!>\z. $mfc%M7v-t\ 4©|Hg&B 
jPXWHF^y 7*t'J76 1 tf>^-*ai£ 2 5 ±<Z>A 

^ftp^Btc^ffl^^^ns. mmtmk=f-v7\ 4 

&*3, 0 5«*^^tC^-53t¥^^->y^V'JT©¥ 



y^*t'J76 lit. 3ttaj»A©'hSfttH»/'<^— 

w-r s aamats?- -y ? z mm? zm&zmvx^z. 

[0 0 2 7] <^M0*J2>0 4«, *%^C«t-57t*® 

(a) \m*m#rv7 j $>Tv7zi>7 : >vm$:X.¥m 

(b) ttf©B-B' »lC*5ltS»f®0T 

10 [0 0 2 8] **I«il©^«^'y7+V l J77 0 

jgm&©^— *S&2 3 it7S yVtzEfrt>tiZ> 
8§«#*«4 2 <>:-e«j££*l-5. B5«#£«4 2lrtt. 

i' DX h U >y > 2 3 li, 

cti£&trJ; o \zmm\z$Lft\zm&7l >2 3 2, 2 3 
15 4*^tt6»nfc«=ft:=i-^^-^-mS«ifi : S:^JB£L-T^ 

-5. Hfr. #>x-f K 2 3 5 tmmy^>2 3 

4t«P4C«. ltgJt&ft£J:«itttM&tt2 3 

8i7-f>2 3 2, 2 3 4(Cte, ^-XSfi 
2 3lC^-r-5rtgP^-y^li^nfcX;i/-*:-Jl/2 3 
20 6Wms8.2tlT^T, mMWfC^-XSS2 3 

nTt^&. ii^7'f>2 3nt ffffifflx^Aiotcs 

*Sttfc««#»«4±K»J*Snfc«^5'f>4 0 1 

25 >it3<h. ^iftf'^tLTY^Ayi^Itt 
USSJgricLfcJttSEWS^y^l 3 4 2 

K^fflttttSJ-U -fs^7-Y>2 3 1 iTt^PSi^^^l 
3F^, #>x-r>y«S»2 3 SiSMMWB^v^l.S 
PH. *5J:Z/7t^il§i^-yyi 3 fc^y^nSo^-tf-am 

30 (J. ^n-enzt5>f-f ^7<t2 6 2, 2 6 3, 2 6 

4K£K>mn.&3\zmmzftx^5>. ^-x*«2 

3±©i£«#»«4 2©Slfi<>:. ^P§§?-y^l3© 

RO:?-y^'n>7 ; >-!t3cr)^®<Dii5$Ai«^— 
•r-5J;pC. ^-X*«2 3<Ofim^»«4 2£¥ffltt 
35 ttT5gS7>©JP^«. '>L»< lt*S. utll:J;(3. 

[0 0 2 9] *nmm<D%¥Mfc^V-f*W7 7 Ofe 

40 2 3i:#iM^ffl^feuii;J;»], %*Wf-y7 

45 mii&mm£mM\z&m&ft&<Dft±tf®n 

o. fi^7-r>2 3 i /^rx^ffiM^n«. 
[oo3o] <*is«aj3>0 9tt. *&m\z&zyt¥m 

50 M (a) liJt^flK^y^^y ^3 
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^©ffiiJ®0T<g>*., 
[0 0 3 1] 'y^t'J762. 

mm^n^-x^®. 2 7 tj§m#s«4 3 t^e. 

#tfi££n-5. B«tt£&4 3Cii. MM>2 7 IS 
tf&iS^-f >2 7 2i, &iiJ£fct2 7 3 

3t^iSi§ 1 5 2 <fcif&Sg}£#i2 7 3©mgis]©#>7^ > 
tfJ^^Tl 5 2 7><#BST-£5. -Ti^fe^, **JS«SJT-« 

7 5 2(rEHf-5--f >y?*>XL 2' 

[0 0 3 2] &*5^ gifc^-f > 2 7 2 ICte* >y*®S£ 
tltz1S.&me>X)]'—fc—Jl'2 5 6*iiglte>tlT^i-5<D 

^IftLDl 5 1 £5P-.y 

>-y- 3 mai«i^7-f > 2 5 1 &3£Siui 1 5 
2M»4. H6tra*Ki. -e-n j e r n^>7 ; -<>^ , 7'f-V7 

5 3&tf 7 5 1 »rj:OSS«SftTV»*. 
[0 0 3 3] «±, *8H0ffitaJt*MlC'2lrvril9i 

[0 0 3 4] 

r&s i>cuwtv»ofc*jRe»tts#-r**«tt** 

[0B5©fS*&ia0J] 

[a 1 i;iaaE©*#«fls^y u t^mixta 



(b) ti^ffi^ftc^bfcA-A' mzm-otzmm^ 
m 2 ] 0 1 tc^bfe7t#**^-y u T©i?<ffiiHi 

05 SS0T&-5., 

[0 3] E2fC*b^fiBlHlK(C«j;0S£*©7t¥a^ 

0. (a) «Jl^Sc4#14. (b) li£#t1ftt-e $>•£>. 

[04] *58Mfc«*3t*»#?y^*lr'J7*IWBffl 
10 X7-A(C^«Lfc-*iSPJ$r*-r0T-*O, (a) \tW- 
mm. (b) «<BJ®0T<&-5,, 

[05] ^Btfti^iftfy U 

15 [0 6] *5SWC«-53te¥«^-y7 r *-vU7©*fcS'J 

fcST**). (a) te¥S0, (b) teffi!lffi0T<&5 <> 
[0 7] 0 6K*Lfcft#ilS#:^:/*^'JT©^ffi|5I 

20 [0 8] H 7 fc«Ufc<MBiaBSK«kO 

*0. (a) OHKRWtt. (b) 
[0 9] *»9!fcflt*3te¥»#3 t y U 7©WcM 

25 fcifa&O, (a) «¥®0. (b) M1S0T?$5. 
[«F*©MH] 

2 a, 2 b, 2 c-V-f^n* MJ yTlMft. 
yrJ>^>ij-, 4, 4 1, 4 2 •••«§«#*«, 6 -ffll* 
9t. 10-ff«fflXfA, 11, 14, 15-*BHfcjfc 

30 Wf-~j7s 13-XXMg?y:/. 2 1-**»#?'> 
^t'J7> 2 2, 2 3 5 —aj?>7 !f 'r >itKy KSB. 2 
3, 2 5, 2 7 yUHR. 2 6, 2 3 6, 2 5 6- 
;UI/-*-;k 6 0, 6 1, 6 2, 7 0-3t¥tftf7 
y+^'JT. 15 1-fmD, 15 2-XXM. 

35 2 3 1, 2 5 1, 2 5 2. 2 7 1, 4 0 l-fl-f^ 
>, 2 3 2, 2 3 4, 2 5 2 a, 2 5 2 b, 2 7 2-© 
ffi7-f>. 2 3 3, 2 5 3, 2 7 3-»SB«Jft, 26 1 
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